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Declaration of Clays Maxei Henriksen 

1. l f Claus Maxel Henriksen, empfoyed by Chr. Hansen A/S t do state and declare 
as follows: 

2. I believe that I am a person skilled in the art to which the above-captioned applica- 
tion pertains. Please find attached to this declaration my Curricula Vitae. 

3. S have read and understood the pending claims in that application as well as the 
Office Action related thereto dated 19 December 2000, and ?n respect to said Office 
Action I have the following comments: 

4. I have made a detailed comparison of the metabolic pathways of pyruvate cata ho- 
lism in Escherichia cod relative to tactic acid bacteria in order to show that there are a 
number of important and distinctive differences between these two bacteria, 

5. Introduction 

Bacterial fermentation is a condition under which the growth of the bacterium occurs 
without any exogenous electron acceptor. The metabolism of the gram-positive lactic 
acid bacterium Lactococcus iactis, and many other lactic acid bacteria, is exclusively 
fermentative, whereas e.g. the gram-negative enteric bacterium E. coli is capable of 
both fermentative and respiratory growth. Although the two bacteria share some tea- 
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tures with respect to their fermentative metabolism, a number of important and dis- 
tinct differences exist. 

As soon as oxygen (or an alternative electron acceptor) becomes available for £ 
co//, a shift from fermentative to respiratory metabolism takes place. Under such con- 
ditions, the metabolic and physiological states of the two bacteria are no longer com- 
parable. 

In the following paragraphs the fermentative and respiratory metabolic pathways of L 
lactis and E. coif are described in further details. L. iactis was taken as representative 
for the group of lactic acid bacteria since this microorganism Is the best characterised 
microorganism among the lactic acid bacteria. Emphasis is put on the intracellular 
redox balance with respect to NADH and NAD* since this balance is a major deter- 
minant of whether growth takes place or not. The maintenance of the redox balance 
furthermore influences the pattern of fermentation products. 

6. Fermentative metabolism of Lactococcus factfs 

As mentioned above, the metabolism of L lactis is exclusively fermentative. The bac- 
terium does not possess an active tricarboxylic acid cycle (Krefos cycle) nor por- 
phyrins and cytochromes. The generation of metabolic energy, in the form of ATP, 
therefore relies on substrate- Sevef phosphorylation. 

When a wildtype strain of L lactis is grown under anaerobic conditions on a carbon 
source, e.g. glucose or lactose (if the genetic determinants for lactose metabolism 
are present), a large majority of the carbon source is converted into L-(+Hactic acid 
via the intermediate metabolite pyruvate (Fig. 1). Under such conditions, the metabo- 
lism is refered to as homoiactic. The series of enzymatic reactions which convert glu- 
cose into pyruvate constitutes the glycolytic pathway. Other sugars than glucose en- 
ter the glycolytic pathway at various stages or is converted into pyruvate by alterna- 
tive pathways. Pyruvate Is therefore situated at a very important and central point in 
the sugar catabolism. As it can be seen from Fig. 1 , the conversion of glucose into L- 
(+)-lactic acid generates two molecules of ATP but is neutral with respect to the re- 
dox equivalents NADH and NAD*. During homolactic fermentation, other metabolic 
end-products are only formed in small amounts. 
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Deviations from homoiactic fermentation take place i) for growth on carbon sources 
metabolised slowly, ii) under aerobic conditions, or Hi) if the strains carries one or 
more enzymatic defects in the fermentative pathway (defects elsewhere in the me- 
tabolism might ultimately also affect the fermentation). In these cases other metabo- 
lites than L~(+Hactic acid are formed in significant amounts, e.g. formic acid, acetic 
acid, acetaldehyde, ethanol, acetoin, a-acetolaetic acid, diacetyi. 2,3-butanediol and 
carbon dioxide. It is, however, important to note, that the consumption and genera- 
tion of the redox equivalents NADH and NAD* are still balanced. In case where oxy- 
gen is present, the enzyme NADH oxidase helps in maintaining the redox balance as 
depicted on Fig. 1. 
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Fig. 1- The pyruvate metabolism of L. lactis. Abbreviations for enzymes: LDH; L- 
(+}-Lactate dehydrogenase; PDHC: Pyruvate dehydrogenase complex; PFL: Py- 
ruvate formate-lyase; ADH: Acetaldehyde and alcohol dehydrogenase; PTA: 
Phosphotransacetylase; ACK: Acetate kinase; ALS / !LV B: Gaiabolic and ana- 
bolic a-acetolactate synthase; ALD: a-acetolaciate decarboxylase; DR: Diacetyi 
reductase; AR: Acetoin reductase; BDH: Butanedioi dehydrogenase; and NOX: 
NADH oxidase. 



Another important intermediate metabolite Ss acetyi-CoA which is an essential pre- 
cursor in biosynthetic reactions, e.g. lipid biosynthesis. Under anaerobic conditions, 
acetyl-CoA is formed from pyruvate by pyruvate formate-lyase. However, this en- 
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zyrne becomes irreversibly inactivated under aerobic conditions (Takahashi et a/., 
1982; 1987). Instead, acetyl-CoA is formed from pyruvate by the pyruvate dehydro- 
genase complex. In L lactis, this NAD* dependent enzyme complex is only active 
under aerobic conditions (Snoep et a/., 1993) and requires lipoic acid (and co-en- 
zyme A and thiamine) to be functional. However, L lactis can in contrast to £ coli not 
synthesise [iporc acid de novo since no genetic determinants are present in the ge- 
nomic sequence (Bolotrn et a/., 1 999), and lipoic acid therefore needs to be present 
in the medium for the activity of the enzyme complex (Cogan et a/., 1989; Collins and 
Bruhn, 1970; Reed et a/., 1951; Reiter and Oram, 1962). In case acetyf-CoA cannot 
be formed by either the activity of pyruvate formate-lyase or the pyruvate dehydroge- 
nase complex, the supply of exogenous acetate becomes a prerequisite for growth. 

7. Fermentative metabolism of Escherichia coli 

E. coll and L lactis share some features with respect to the fermentative metabolism. 
However, the fermentative metabolism of E coli differs from the fermentative me- 
tabolism of L lactis on some important characteristics. Whereas the anaerobic fer- 
mentation of L. lactis is almost exclusively homolactic with L-(+Hactic acid as end- 
product, the fermentation products of £ coli comprise a mixture of ethanol, acetic 
acid, formic acid (partly cleaved to hydrogen and carbon dioxide by the enzyme for- 
mate hydrogen-lyase), D-(-)-lactic acid and succinic acid (Bock and Sawers, 1996). 
As with the metabolism of L lactis, maintenance of the redox balance in the fermen- 
tative pathway of E coli is required for growth to proceed. 

The capacity to produce a-acetolactic acid, acetoin, diacety! and 2,3-butanediol is 
widely distributed among microorganisms. The production of acetoin is the basis of 
one of the most frequently used identification tests in bacteriology, the Voges-Pro- 
skauer reaction. In contrast to L. lactis, £ coli is not capable of producing a-aceto- 
lactic acid, acetoin, diacetyi or 2 f 3~butanedio! (B6ck and Sawers r 1996). 

Yet another difference between L. lactis and £ coli is that the latter microorganism is 
oxidase negative (Neidhardt, 1996), whereas the former microorganism expresses 
e.g. the NADH oxidase described in the previous section. 

8. Respiratory metaboitem of Escherichia coli 
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E. co// is capable of performing respiration with a variety of chemical compounds as 
electron acceptors, e.g. fumarate. nitrate, nitrite, oxygen. S- and W-oxide compounds, 
tetrathionate and thiosulfate (Gennis and Stewart, 1996). The respiratory pathway 
described in most details is the aerobic respiration with oxygen as electron acceptor. 

In the case of full respiratory metabolism with oxygen as electron acceptor, E. coli 
cataboiises glucose into carbon dioxide and water via glycolysis, TCA cycle (Cronan 
and LaPorte, 1996) and an electron transport chain. Along the catabolism, metabolic 
energy in the form of ATP is generated (both via substrate-level phosphorylation and 
oxidative phosphorylation), and this energy is withdrawn together with a number of 
precursor metabolites for biosynthetic purposes. 

The glycolysis and the TCA cycle are linked together by the pyruvate dehydrogenase 
complex which converts pyruvate into acetyl-CoA As mentioned above, lipoic acid is 
an essential part of the enzyme complex. In contrast to L. lactis, E. coli is fully capa- 
ble of synthesising and incorporating lipoic acid in the enzyme complex. In the TCA 
cycle. acetyl-CoA is catabolised into carbon dioxide with a concomitant generation of 
ATP (and GTP) and reduced redox equivalents NADH (and FADH 2 ). The reduced 
redox equivalents are subsequently oxidised via the electron transport chain where 
the electrons are donated to oxygen which becomes reduced to water. Along the 
electron transport chain, protons are pumped across the inner plasma membrane 
thereby establishing a proton motive force across the membrane. This proton motive 
force is subsequently used for driving ATP synthesis (oxidative phosphorylation) by 
the membrane-bound ATP synthase complex (F 0 F r ATPase). 

9 Mutants of / . lactis and E. co// with defective PFL and LDH 

The isolation and characterisation of a PFL and LDH defective mutant of E. coli has 
previously been reported (Mat-Jan et at., 1989). According to the report, such a dou- 
ble mutant strain is not capable of anaerobic growth even in the presence of acetate 
unless conditions for anaerobic respiration with nitrate or fumarate as electron ac- 
ceptors are provided. Under aerobic conditions, the strain displayed growth even in 
the absence of acetate. 



The lack of fermentative growth of the double mutant reflects the problems associ- 
ated with the maintenance of the intracellular redox balance. The reduced redox 
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equivalents generated via glycolysis can no longer be re-oxidised in the remaining 
part of the fermentative metabolism due to the two enzymatic defects. The redox bal- 
ance and thereby growth are only restored under respiratory conditions with either 
nitrate, fumarate or oxygen as electron acceptor. 

A similar double mutant strain of L lactis was found to be strictly aerobic. Further- 
more, the aerobic growth of this strain required supply of exogenous acetate. While a 
double mutant of E cols depends on respiratory metabolism (with either nitrate, fuma- 
rate or oxygen as electron acceptor) for growth, the growth of the double mutant of L 
lactis depends on a combined action of the NADH oxidase (and thereby aerobic con- 
ditions) and the pathway leading to the formation of acetoin, a-acetolactic acid, dl- 
acetyl and 2,3-butanediol. 

The fact that a PFL/LDH double mutant strain of E cofi could be isolated according to 
Mat-Jan et ai (1989) can therefore not be taken as an indication that it was to be ex- 
pected that a corresponding double mutant of L lactis would also have the ability to 
grow and produce metabolites under aerobic conditions. Since the growth of the 
double mutant strain of E cofi depends on metabolic pathways which are not present 
in L lactis (and vice versa), a successful isolation of a double mutant strain of the 
latter microorganism could therefore not be foreseen - even with knowledge of the 
report of Mat-Jan et al (1989). in case the combined action of the NADH oxidase 
and the pathway leading to the formation of acetoin, a-acetolactic acid, diacetyl and 
2,3-butanediol could not fully compensate the Sack of NADH re-oxidation by LDH. a 
double mutation would have been lethal for L lactis. The fact that the isolation pro- 
cedures applied for obtaining the double mutant strains of E. coli and L. iactis are 
essentially the same, a successful isolation of a double mutant strain of the latter mi- 
croorganism could not have been foreseen since the two microorganisms are so dis- 
tinct with respect to their aerobic metabolism, as described above in much details. 
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10, I further declare that all statements made herein of my own knowledge are true, 
and further that the statements were made with the knowledge that wilful falsa stale- 
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merits and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such wilful false state- 
ments may jeopardise the validity of the application or any patent issued thereon. 

Dated: jqf\€L "1. f lCK) 1 Signature: 

Claus Maxel Henriksen 
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Section Manager Microbial Metabolism, Car. Hansen A/S, H0rshoim> 
Manager for three chemists and four technicians. 

Microbial physiology. Optimisation of fermentations conditions. Metabolic analysis. Enzyme 

purification. Initiation of high-throughput screening laboratory. 
Chemist, Department of Physiology Sc Metabolism, Chr. Hansen A/S, Harshoim. 

Isolation and characterisation of mutant strains of various lactic acid bacteria. Fermentation 
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Student at Set. Knuds Gymnasium, Odense. 
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Courses 

Modelling and on-line monitoring of fermentation processes. Center for Process Biotechnology, Lyngby, Denmark. June 
lst-llth, 1993. 

Advanced Course on Microbial Physiology and Fermentation Technology. Delft University of Technology, Delft, The 
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Languages 

Danish: Mother tongue. 
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Other personal skills 



Driving licence. 
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Activities and interests 
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Watching films and visiting art galleries. 
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